In this paper, a novel signal processing technique has been developed to refocus moving targets image from their smeared responses in the Synthetic Aperture Radar (SAR) image according to the characteristics of the received signals for moving targets. Quadratic Phase Function is introduced to the parameters estimation for moving target echo and SAR imaging. Our method is available even under a low SNR environment and acquiring an exact SAR image of moving targets. The simulated results demonstrated the validity of the algorithm proposed.
Introduction
Airborne synthetic aperture radar (SAR) detection and imaging of moving targets on the ground has been a subject of long-standing interest in both civil and military applications such as battlefield reconnaissance, fire assessment, traffic management and monitoring ocean currents. If there are moving targets in the observed scene, SAR cannot simultaneously produce clear images of both stationary and moving targets because they have different Doppler frequency respectively, the target motion induced phase errors, which interact with the matched filter processing or cross-range compression, cause these images to be mislocated in the cross-range dimension and smeared in both the cross-range and the range domains, we can only focus on either the stationary target or the moving target. How to detect moving targets in the background of stationary objects called clutter is premise for SAR imaging of moving targets, this problem is usually solved by applying the displaced phase center antenna (DPCA) [1] or its modern extension, the spacetime adaptive processing (STAP) [2] . Radar returns from terrain and stationary objects can be suppressed after using DPCA or STAP, only the returns from moving targets are used to reconstruct radar images.
Moving targets echo signal is generally characterized by the linear frequency modulated (LFM) signal, before obtain the focused images of moving targets, the parameters of LMF should be estimated firstly, and then construct correct match filter of range and azimuth directions for imaging. In which, initial frequency and chirp rate as the basic parameters of LMF, their estimation problem has been an important research content of the signal processing. In previous investigations, several parameter estimation methods based on Maximum Likelihood (ML) [3] estimation cannot be implemented in engineering because of a huge amount of computation. Some signal processing methods such as Radon-Wigner Transform (RWT) [4] , Radon-Ambiguity Transform (RAT) [5] , Fractional Fourier Transform (FrFT) [6] have been usually used in estimation of LMF parameters. It is worth mentioning that WVD combine with Radon Transform as a commonly used method of detection and estimation for LMF can achieve an idea result. However, there is cross-term interference associated with the WVD. When the signal contains more than one component, the WVD will generate cross-term interference between components that occurs at spurious locations of the time-frequency plane.
In this paper the Quadratic Phase Function (QPF) [7] [8] is introduced to the SAR moving target imaging, and a new SAR imaging algorithm based on the Quadratic Phase Function is presented. This method can achieve an idea result for moving targets imaging. The simulated results demonstrate the validity of this algorithm. the earth. The scene of a side-looking SAR and a moving target is illustrated in Figure 1 . In the case of a moving point target, we assume that at a point target is located at , and the radar platform is located at . Then at time t the target moves to ( 0 0 y x and the platform moves to
. Where x and x represent the azimuth velocity and acceleration of the point in azimuth direction respectively, y and y represent the ground range velocity and acceleration of the point in ground range direction respectively. The range from the radar to the point target at time can be written as
which can be seen by expanding and approximating [9] :
where the range component due to the radar motion is:
and the range component due to the target motion is:
where 0 is the initial range at , because 0 is much smaller than and is approximately equal to , then the raw data can be described by:
In which
Equation (6) is a linear phase function due to the target velocity in the radial direction, and
is a quadratic phase function determined by the relative velocity between the radar and the moving target in the x -direction---the radial velocity, and acceleration of the target.
From the above phase functions we can see that by making use of a matched filter designed to match the baseband returns from a stationary target, the linear phase change due to the target's radial velocity y in (6) causes the image of the moving target to be shifted in the cross-range direction, and the quadratic phase variation in (7) causes the image of the moving target to be defocused. So the present efforts in moving targets imaging require that estimations be made of targets motion before any imaging procedure can be performed. 
Quadratic Phase Function
As to the LFM signal
, where b represents amplitude, 1 and 2 represents initial frequency and chirp rate respectively. The Quadratic Phase Function Transform has been explained in detail by the reference [7, 8] :
Substitute into equation (8), we can obtain:
The parameter 2 can be found through peak search and the other parameters can be estimated by dechirp technology.
a From equation (8) , it is demonstrated that the quadratic phase function is bilinear transformation, therefore when the signal contains more than one component, the QPF will generate cross-term interference between components that occurs at spurious locations of the time-frequency plane. To reduce the cross-term interference, multiple type and integral type of QPF had been defined in the reference [10] and [11] .
In which multi type of QPF is defined as:
And integral type of QPF is defined as:
where l is of time sample points. From the equations (10) and (11), we can see that multi type or integral type of QPF can reduce cross-term interference effectively and then suitable for the analysis of LMF signal.
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Application of Quadratic Phase Function for SAR Imaging
In the section3, we have presented the Quadratic Phase Function algorithm to estimate the parameters of the LFM signal. In this section, we will discuss the SAR imaging techniques for moving targets based on Quadratic Phase Function algorithm, and the new approach for SAR imaging of moving targets can be illustrated explicitly as follows:
Step 1. Range compression. Definition of range compression reference function is described by:
where r v K r represents chirp rate, while t represents time value in range direction. In the case of point moving targets the acquired raw data after range compression can be written as in 
Step 2. Azimuth compression function can be defined as:
where m represents the time value in azimuth direction. As to stationary targets, focused images could be achieved after equation (13) multiplying with equation (14), however the azimuth velocity of the moving targets will cause smearing effect in azimuth direction when processed by conventional image formation of stationary points. At this moment, we multiply every range cell with equation (14), the result can be written as in
In order to counteract these smearing effects and get focused image, the parameters of should be taken into account during processing and for this purpose, the parameters should be estimated firstly, this is achieved by the following method named Quadratic Phase Function in step 3.
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Step 3. Estimate the chirp rate ˆ of , which can be written as Step 5. Using equation (17) to reconstruct azimuth compression, we can obtain the focused SAR image of the moving targets finally. The detailed method is as follows:
Based on the procedure above, we can obtain the focused image of moving targets with the Quadratic Phase Function technique. The flow chart of this algorithm is illustrated in Figure 2 . 
Computer Simulations
To demonstrate the effectiveness of the algorithm developed in the preceding section, we applied it to simulate data samples. We assume that there are five point targets in the same imaging plane, the radar operates at the frequency 0 f =10 GHz, the bandwidth of LFM signals is B = 60 MHz, the pulse repetition frequency is PRF = 500, the pulse width is w  = 10 μs, the sampling frequency is Fs=70 MHz. The aircraft with the radar is moving along the x-axis with velocity v = 120 m/s, while the radar's ground distance from the origin of the coordinate system connected to the targets is 8 Km at t = 0. The motion parameters of the targets are given in Table 1 . Figure 4 is the result of SAR imaging after parameter estimation, compared with Figure 3 , we can see that the blurred of azimuth direction has been removed and the moving targets has been focused. Figure 5 and Figure 6 are the result of SAR imaging when the SNR is -10 dB and -15 dB respectively, we can see that this method still effective when noise exists. 
Conclusions
In this paper, we introduce Quadratic Phase Function algorithm to estimate the parameters of the LFM signal and propose a new algorithm for moving targets imaging, which can acquire an exact SAR image even under a SNR environment. The effectiveness and practicability of this imaging approach are demonstrated by means of numerical experiments using simulated data.
